The relation of hydroinformatics to modern science is considered in relation to the origins and nature of modern science itself and to the technology that has assured the predominance of the European peoples over the peoples of most of the rest of the world for some 250 years. The current increasingly rapid reversal of this predominance is introduced with special reference to Asia in general and China in particular. This reversal is seen as a consequence of a transmutation in societies generally from modern conditions to postmodern conditions. The relation between knowledge providers and knowledge consumers is then introduced and related to the advent of the Internet and further to the World Wide Web, and further again to mobile devices. It is explained that the numerical predominance of China in access to the Web and to mobile telephony has proceeded alongside Chinese government initiatives that have supported this social development. The present contribution follows upon one with the same main title that was directed specifically to the Islamic world and another directed more generally to North-East Asia. Since this paper is directed almost exclusively towards China, it traces some developments currently occurring in China that exemplify its theses.
INTRODUCTION
The subject of hydroinformatics was launched in 1991 in a book entitled 'Hydroinformatics: Information Technology and the Aquatic Environment' (Abbott ) . There already it was emphasised that this subject could not be described completely within the limits of 'modern science'; and even less could it be reduced to a study of what was orderable, numerable, countable and computable, but must encompass other dimensions of human and other-natural existences that could never be described in this way. Correspondingly, even though 'modern science' appeared as a product of the Duhem & Brenner ) it in fact drew heavily on Islamic and Judaic sources, which in turn derived from the profound Asian insights, understandings and values. This became, however, a science that increasingly strived to be 'totally objective', aiming to possess no subjective elements; it correspondingly excluded all subjectivity. The predominance of this 'modern science', as it spread across the world, emanated however much more from its marriage with a technology that developed also in Europe. Indeed technology itself came to be identified in the West with 'applied modern science', thereby raising this science to the level of an ideologyand even for some people to an idolatrythat was geographically unconstrained, and indeed was regarded as 'universal'. As Heidegger (///) observed, such a technology becomes itself mathematical in the quantitative sense even before it is cast into mathematical form. It was this restricted view and its quantitative objectivity that was castigated and rejected already in the Hydroinformatics of 1991, where the ideological foundations of this view were already exposed following earlier denunciations by other authors. These denunciations have now become increasingly strident (e.g.
Newcomen Society ).
The foundation, such as it was, for this notion of the supremacy of one particular essentially European view of the world of man and all his artefacts, and of nature as a whole, was its success in subjugating and to a large extent governing the rest of the world directly, so that at its apogee the Atlantic nations among the European peoples had dominated almost the whole world, with only parts of Asia left, but even there with much reduced economic, intellectual and spiritual independence. In social terms, this led to the illusions of the European peoples described by Nietzsche and paraphrased by Heidegger () and as requoted in the Hydroinformatics of 1991 (p. 61) (Abbott ) as follows:
'All the values that we [the European peoples] have so far introduced in order to make the world so estimable, and then finished up by devaluing them when they showed themselves to be untenable ─ all these values are, when worked out psychologically, really only results of our taking definitive perspectives on the usefulness of raising up and magnifying an image of our own domination, and these values are only falsely projected as being of the essential nature of things. It still belongs to the extravagant naivety of man that he puts himself up as the purpose and the measure of everything.'
In European philosophy, this behaviour has been associated since the end of the eighteenth century with what is called nihilism, while in Christian theology it is associated with what is called in English nothingness (in French le néant and in German das Nichtige) as something that is inimical to goodness and antagonistic to the world of humanity and its fellow creatures here on Earth, that is, to 'the creation' (e.g. Barth -//; Heidegger ). The economic consequences as nihilism and nothingness spread within the European peoples were of course disastrous for the world outside of these peoples, and ultimately, through economic catastrophes and world wars that originated primarily from the actions of the European peoples, they were disastrous to these peoples themselves.
In order to introduce the historical framework, let us begin by following how the geographical distribution of some measures of production of materials that are essential to manufacturing in the human economy changed over time during the period of the supremacy of the European peoples. We shall take as the best known precursor of such measures the set of estimates of world manufacturing output made by Bairoch & Lévy-Leboyer () and as extended and commented upon by Paul Kennedy (Kennedy ) (see Abbott b) . Bairoch showed how, even as Europe's share of world manufacturing output increased from 23 to 62% between 1,750 and 1,900, what we now call for the most part the developing world decreased from 73 to 11%, with China falling from 32.8 to 6.2% and India/Pakistan from 24.5 to 1.7%. Although these falls were clearly equated with an interaction between a rapidly ongoing industrialisation in the West and the colonisation of almost everywhere else, leading into the era of imperialism with the associated subversion and destruction of the industries of what then became the Third World by the European imperialist powers, it was indicative that Japan's share also fell from 3.8 to 2.4% even though it was not so directly occupied or otherwise so completely dominated by military and naval force. Similarly, taking per-capita levels of industrialisation with the UK's level providing a reference value of 100 in 1,900, whereas the UK itself passed from 10 in 1,750 to this reference 100 in 1,900 and Europe as a whole from 8 to 35 and the USA from 4 to 69, China fell from 8 to 3, India from 7 to 1 and that of the Third World as a whole from 7 to 2. Thus, with Kennedy (, pp. 147, 148) :
'Hence Bairoch's remarkable ─ and horrifying ─ suggestion that whereas the per-capita levels of industrialisation in Europe and the Third World may have been not too far apart from each other in 1,750, the latter's was only oneeighteenth of the former's (2 : 35%) by 1,900, and only one fiftieth of the United Kingdom's (2 : 100%).'
It is in now, however, abundantly clear that a major change is occurring in the human economy at the global scale. This change is associated in the first place with changes that are occurring with an extraordinary rapidity in the balance of economic power between continents and, correspondingly, with rapid changes in the distribution of performative knowledges across these continents. Of course, almost everyone is aware of something called 'Asian competition', but the politicians and the media of the European peoples do everything possible to misrepresent and obfuscate the nature of this competition, explaining it away by references to 'cheap labour', to 'undervalued currencies' and other such chimerae, explanations that are risible for anyone who is at all acquainted with the nature of competitive advantage in post-modern conditions of society and are acquainted with more recent and concurrently ongoing Chinese, Indian, Korean, Brazilian and Vietnamese practices in particular.
From the point of view of industry generally within
Europe, it has become necessary to explain the essential nature of the new kind of competitive advantage enjoyed by these Asian societies, explaining its sociotechnical foundations and so basing itself upon a proper understanding of the new relations that are arising between people and equipment within societies that are moving into what are now widely called 'post-modern' social, and essentially sociotechnical, conditions. In these more general terms, it has then become necessary to trace the transformations, which correspondingly become transmutations, of present-day societies that are based upon promoting ever larger numbers of 'knowers' (as so-called 'knowledge societies') into those that are promoting ever larger numbers of 'consumers of knowledge', as experts in the acquisition, employment and disposal of wide ranges of knowledges (as 'understanding societies') (Abbott et al. ) . It is within the context of this development that at least some of us need to emphasise the urgency of attaining to a proper evaluation of the dynamics of the rise, in particular, of the so-called BRIC (Brazil, Russia, India, China) nations, and then that we cannot be so much concerned with the speed with which this is proceeding, but with its acceleration and the way that it is extending its influence to ever higher levels of scientific, technical and more general social endeavour. In fact we can identify and characterise a specific combination and interaction of processes that are driving this acceleration and these need to be understood both in themselves and in their interactions. It is nothing like enough simply to compound growth rates, but it is necessary to understand the various, essentially qualitative, factors that have come into synergy as they drive this transformation in the so-called 'balance of economic power'.
THE CONSEQUENCES FOR HYDROINFORMATICS
It was a consequence of the earlier and at that time still continuing domination of the European peoples that in the Hydroinformatics (Abbott ), it was observed that:
'Now of course the manifestations of an ever-increasing nihilism are by no means features that are peculiar to the European peoples. By no means are they this! Nihilism is however centred upon Europe; it has a focus, in the same way as does a physical sickness, and this focus is situated in the collective psyche of the European peoples. Then, in so far as hydroinformatics constitutes in its essence one part of the total field of contest with nihilism, so it follows that hydroinformatics begins as a
European possibility.'
At the present time, now more than 20 years on, hydroinformatics has taken much of the high ground in studies of 'water resources' among the European peoples, as evinced by its publications and its ever more successful conferences and other such events. At the same time it has developed a commercial component employing some thousands of people, the great majority of whom have university degrees and a large proportion of these again possessing doctorates.
However, hydroinformatics in the West has reached a certain limit in the sense that it remains almost completely bound within the world of the quantitative and, correspondingly, it remains moribund in face of the new and immense challenges with which the rest of the world, in particular, is confronted, being apparently unable to grasp the possibilities which the equally immense developments in the communications technologies, in particular, have openedup for it. This hiatus in its development is not one that is caused by the shortcomings of modern science and its employment in technology, but arises from deeper social constraints that are increasingly imposing themselves upon its thinking. It is left marooned within the world of the quantitative, unable to move on into the world of the qualitative.
It is unable in practice to meet the needs of the world's populations for healthy diets and sound medical care; it is unable to confront the need to maintain the world of nature in any kind of sustainable, let alone pristine state; it cannot confront the problems of realising social justice in the availability and use of water; and so we can go on … and on. Consentaneously, hydroinformatics has now indeed to move on from its European beginnings and to come to maturity within quite other kinds of social environments, which comprise, in the first place an Asian social environment, but then, in a close second place, a variety of Asian social environments. The most obvious distinction in this second place is that between an Islamic world, which is really quite socially inhomogeneous in itself, and that which we can only describe, even more indiscriminately again, as a 'non-Islamic world'. The first has been considered elsewhere (Abbott a) and it now becomes necessary to touch upon the second, while still necessarily specialising further in this place to East Asia, and even, specialising yet further again, to China. In its socio-technical applications, hydroinformatics becomes socio-geographically dependent, changing from region to region and even from country to country as the societies in which it operates change in space, and at different rates in time too. In this way it has the capacity to provide one of the means to restore these regions and countries to their traditional predominant positions. A historical view of this within the discipline of mathematics is given in Chemla and Shuchun () .
The most striking feature that currently differentiates all developments within Asia from those of Europe in our field is that they have no truly indigenous industrial component.
Of course there is a DHI China, with more than a hundred technical and scientific staff in Shanghai, but that is still primarily based upon a European model of research and development that continues to think and work almost entirely within the world of the quantitative. However, hydroinformatics is increasingly working within the world of human societies and, if only by surrogation, in natural societies again. It then has to take a full account of human feelings and emotions; it has, for example, to create webbased environments that will catalyse those individual and collective social processes, primarily those of active stake- 
THE SAAS PARADIGM AS A BUSINESS PROPOSITION
In order that an organisation may live by being a knowledge provider, it must have a higher level of knowledge than its business environment of knowledge consumers. The notion of 'a higher level of knowledge' implies that the knowledge provided must be relevant to the consumer and that it should in most cases be actionable, that is, it should enable the consumer to take responsible actions that he or she would not otherwise be able to take. Since such knowledge must then be relevant to the consumer, there must be a relevance relation between the provider and the consumer.
If the relevance relation is a close one, the 'distance' between the knowledge of the provider and that of the consumer is small, while conversely, if the relevance is a distant one, this 'distance' between the provider and the consumer will be correspondingly greater. The difference between the knowledge level of the provider and the knowledge level of the consumer divided by this 'distance' between them, as expressed in terms of the relevance relation between them, is called the knowledge gradient. In general then, analogously to the flow of water under gravity, the greater this knowledge gradient, the more that knowledge will tend to flow from the provider to the consumer. To the same extent that this knowledge is actionable, so the greater is the value of the flow of knowledge from the provider to the consumer.
This flow, however, can then be augmented by increasing the number of consumers and the rate at which they consume knowledge. Correspondingly, the value of the provider increases with increasing numbers of consumers and with the frequency with which they consume the proffered knowledge. Since these numbers increase the more the same knowledge is used and reused, time and time again, so the value increases further with the rate of circulation of knowledge through the provider. This is simply to repeat the economic principle of the mass production of material goods, as encapsulations of knowledge, but now exponentiated several times to apply to knowledge itself.
Thus, if the knowledge gradient is small, the knowledge must circulate with great rapidity in order for the organisation to be commercially viable, as in the case of producing and selling hamburgers, and if the knowledge gradient is large the rate of circulation may be substantially lower even while the organisation still remains viable, as in the case of software-package producers and most consulting engineering companies. A coefficient of proportionality may then in this case be introduced to provide a notional cash flow generated by the knowledge concerned. A corollary to this, however, is that in any change of paradigm in which new knowledges tend to displace existing knowledges, so that the rate of circulation of these knowledges that are being displaced can be expected to decrease, the new paradigm will be vigorously opposed by many people who feel threatened by the consequent changes in economic and employment opportunities. It appears that this fear, which sees the SaaS paradigm as a disruptive technology, is braking the corresponding development of these new-generation systems in Europe. However, a very recent collaboration-cum-joint-venture between Amazon and DHI, which has, at long last, introduced the SaaS paradigm into hydroinformatics, is indicative of the appropriateness of this paradigm (https://saas.dhigroup.com/). Its use of cloud computing, however, carries its own risks to code security, whereby many companies in other fields have refused to use SaaS applications in cases of highly sensitive software, preferring to hold their confidential material, such as their codes, in their own internal pens (see, for example, Dempsey 
SOME EXAMPLES FROM NUMERICAL MODELLING
Let us exemplify these developments by referring to the third, fourth and now fifth generations of numerical modelling in hydraulics, hydrology and water resources generally.
We may recall that the first generation was concerned with numerical solutions to algebraic equations, the second with project-customised modelling, the third with the introduction of modelling systems for constructing individual models faster and more easily, the fourth with the packaging of these modelling systems into products for sale, and the fifth, currently ongoing, proceeding within the SaaS paradigm. In the case of the third generation, the modellingknowledge gradient was almost invariant over all the users, in the fourth this gradient varied substantially so that active support functions had to be introduced (e.g. local agents in many countries, regional short courses and conferences, computer-aided telephonic advice serving, etc.) and in the fifth generation the modelling-knowledge gradients could vary even more again, even as a whole new strata of web-based supporting functions and activities that will be only mentioned here later has to be incorporated. On the side of knowledge circulating through the providing organisations, this knowledge circulation was observed to increase from only a few projects a year in second generation modelling to a few hundreds of projects a year in the third generation, then to many tens of thousands a year in the fourth generation and it is expected that this will pass to many millions of applications a year in the fifth generation paradigm if this is marketed correctly (e.g. Abbott & Jonoski (), Jonoski (), Abbott (), Abbott & Vojinovic () , and as will be introduced only very briefly here again). We should observe in passing that the largest scale application within the SaaS paradigm more generallyand certainly the most widely publicised in the mediawas the website that organised the Obama election campaign in 2008, which attracted and organised between two and three million active stakeholders in rallying and registering the votes of the general population and raising the necessary financial resources. From the side of hydroinformatics, the number of people employed in its industries may be expected to increase from a few thousands to some tens of thousands, at least, and the annual turnover from a few hundred millions of Euros to some billions of Eurosor much more again. In the case of China, this mode of stakeholder participation is supported by having over 500 million websites already in 2011 and exceeding a billion mobile telephones in 2012, for a population of 1.34 billion.
It should also be observed that, just as the nature of the knowledges that were brought into play changed rapidly when passing from applications of third-to fourth-generation modelling, these must change again, and even more rapidly, in applications of fifth-generation modelling, once again supposing that these are properly marketed.
In the transformation from third-to fourth-generation modelling, that is from institutionally-centralised modelling-as-a-service to the provision of 'packaged' software to realise a paradigm of modelling-services-as-products, the level of computational-hydraulic knowledge required of the user was reduced dramatically, but this was often more than compensated in practice by the integration that was thereby realised with the other-scientific, tacit and domain knowledges that the clients for the 'packages' brought into play during the modelling applications. The knowledges that come together within such a context are bonded together by what are called conjunctive knowledges and these are indispensable adjuncts to the transformation that is our main concern here. In the fifth generation of modelling, this tendency increases greatly again: as just one example, albeit probably the most important one, we may consider the organisation and provision of services for supporting active stakeholder participation.
As introduced in earlier contributions, as referenced with which we can conveniently notate the processes that are involved in the present cases.
STAKEHOLDER PARTICIPATION IN CHINA
It might appear as improper for someone who is not Chinese to take up such a study as this: how can people from Europe possibly express any kind of opinion on modes of development that might be the most beneficial for China? All manner of westerners are forever lecturing the Chinese peoples on all sorts of subjects and there is no wish here to add to the cacophony that they produce. The only excuse that can be made for this present intervention is that it is an offering-up of some experience and some understanding that might be useful to the Chinese people themselves in a mode of development that will not only change our own, common, specialty, of hydroinformatics, but will, above and beyond our own specialty, change China as a whole. This part of the paper opens with a glance at the devel- A glimpse of the transmutation in China that is occurring and which underlies all our own ambitions, both in China and elsewhere, can be observed by the revolution in the performing arts that is now proceeding, partly at least, by drawing upon and reinterpreting western cultural patterns.
As hydroinformaticians working in the sociotechnological dimension, we must also study and learn from these exemplars and their paradigms. In our work to date (Abbott ; Abbott & Vojinovic ; Vojinovic & Abbott ) we have described the participating public more specifically as 'stakeholders' on the understanding that they have a stake in the outcome of their participation in making the most vital decisions affecting the executions and the outcomes of projects. Some of these people then come to press the interests of specific human-social interests while others again press the claims of many creatures situated in the natural economy, so that they act as surrogates for these creatures. Such people as these see themselves as active stakeholders in a project in which they feel that they have an interest, so that they press a claim to participate in the processes of decision making within the project, and their interests may be so widely shared and their integrity and competence so respected that their claim to representation is upheld as legitimate within the society concerned. In this case we speak of an active stakeholder participation in the decision-making process. At its most pragmatic level, the purpose of stakeholder participation is to induce a change in the built and managed environment that aligns with a positive change in the social environment. This change is, however, only recognised as positive when it corresponds to a sense of social justice on the part of the stakeholders, preferably as a whole or, in extremis, for the greater part. Correspondingly again, to use a term that is popular in the world of architecture, this gives this built environment the quality of an attractor, as a quality that will attract and filter the people and businesses that set a store upon this environment, thus promoting such an environment even further.
TRANSPARENCY: IT'S THE LAW
The questions concerning social justice in society generally and the contribution of hydroinformatics in realising social justice have been taken up in a two-part paper by Abbott & Vojinovic () are to concern themselves with environmental matters, and it indicates that they also must learn how to mobilise active stakeholder participation using the Web in such endeavours.
Correspondingly, it would seem, at least from the outside, that hydroinformatics needs to be well represented in both the Chinese Academy of Social Science and in the CPPCC if it is to develop in this direction.
THE QUESTION CONCERNING AGRICULTURE IN CHINA
It is an experience that is repeated again and again throughout history that those who understand do not have the means and those with the means do not understand. His This development has naturally raised the question of conducting this development in the spirit of an organic farming practice that would be sustainable without requiring large inputs and subsequent disposals of extraneous chemicals and fuel. This could be realised through the practice of ecologically friendly but knowledge-intensive agricultures, an approach that can be realised through the use of the mobile internet with the more advanced, graphics-enabled mobile telephone as the primary delivery vehicle (Abbott & Jonoski ) . The jury is still out on this however, although some initiatives within China may lead to a reconsideration of this position, as has indeed already been realised at the micro-scale of methane production from wastes for cooking and heating in many parts of the Chinese countryside, despite some recent setbacks there too.
THE EUROPEAN EXPERIENCE
The problem-resolution processes associated with active stakeholder participation can be seen as the precursors of the much more complex sociotechnical, and currently mostly coloured, dynamic and graphics-based environments that are now being developed in hydroinformatics for catalysing processes whereby problems that were so complex and difficult that they previously appeared to be unsolvable could now in fact be solved. In effect, what was previously considered impossible has now become possible (Abbott & Vojinovic a,b) . Already in the ground-breaking paper Indeed, they are often regarded as reactions to what is nowadays perceived as an ever-increasing politicisation of nearly all social activities, including those of the water sector. It is in fact a mark of the strength of this reaction that the word 'politicisation' (replacing the earlier 'politicalisation') has entered so widely into the currency of everyday discourse, and that it now appears regularly in translations into English from other languages, not the least of which is Chinese. In most cases, this term is used in a deprecatory, and often even in a derogatory, sense and it is commonly contrasted unfavourably with what is called 'participatory democracy', often also called 'participative democracy'. It is claimed that the principal reason for this distinction and preference arises from the increasingly widespread view among many stakeholders, at least in the West, that 'representative democracy' is all too often failing to promote social justice, in the present sector as in so many others, and that certain forms of participatory justice can do much better in this respect. Of course the politicians are still represented in participatory democratic arrangements, but they now become only one part, and usually even a small part, of a much more extended population of stakeholders.
For the present purposes, however, the concluding observations of this paper were among the most significant (Abbott ):
'There was complete transparency in all data and the means to interpret it by its often very disparate users.
This procedure was followed with particular care throughout the project in relation to the media, with the consequence that an originally dismissive and often antagonistic tone was transformed, step by step, into a more accommodating and finally quite supportive and even congratulatory attitude.'
This may then be seen as a first indication that the functioning of this project was perceived by a major section of the public as a manifestation of social justice in the water sector. Given the scale of the investment in this case together with the very similar Great-Belt link that complemented it (of some 8 billion Euros in present day terms), this public appreciation was highly valued within the political circles of the European Union.
THE RELEVANCE OF THE EUROPEAN EXPERIENCE TO THE CHINESE ENDEAVOUR
Experience in Europe, at least, has shown that although the potential of the Web in processes of active stakeholder participation in decision making in the water sector is obvious enough, the difficulties in realising and releasing this potential are so great that they at first appear to overwhelm the capacities of the current hydroinformatician. Of course the instrumental and the computational aspects in Europe remain little changed for the moment, even as the movement into a web-based, SaaS environment necessary for providing the kinds of services that society needs may appear to some as presenting overwhelming difficulties. Correspondingly again, although these instrumental and computational developments may be taken over to a large extent from the European environment to the Chinese environment with relatively little difficulty, the social side of the sociotechnical changethat is in turn so closely tied to the internet and its extension to mobile telephonymust demonstrate major differences. These social differences are of course inseparable from cultural differences and these cultural differences are almost immutable. When discussing a 'Hydroinformatics for China', therefore, the emphasis must be on these sometimes irreconcilable cultural differences, and these differences must also be researched and identified if the questions concerning a 'Hydroinformatics for China' can even be so much as properly posed. This is still work in progress. Now, it has been repeatedly observed that the transmutation from a modern condition of society, dominated by a society of 'knowers', to a postmodern condition of society, dominated by a society of 'consumers of knowledge', cannot be properly analysed within the constraints of Modern Science, as established across Europe in the Condemnation of March 1277 but which has since been adopted almost everywhere else across the globe. However, since the publication of Latour's (//) Nous n'avons jamais été modernes//We Have Never Been Modern, we have understood that whenever a discourse passes beyond the limits of the modern scientific it must revert to pre-modern modes of expression, and in the first place to alchemy and, as is often associated with this, mythology (see Jung /). In the sociotechnological development of Hydroinformatics we quickly pass beyond the limits of modern science and are obliged to resort to the means of expression provided by these other modes of thinking and forms of discourse. As a European example, and even as a paradigm case, we may take the praxis of psychoanalysis as developed by Lacan (-///). Another way of seeing this is that, with the 'socio' of sociotechnology, we must pass from a Hydroinformatics of the quantities into a Hydroinformatics of the qualities, and for this purpose we need to augment our mathematics of the quantities with a mathematics of the qualities, such as is provided by (a distinctly nonstandard version of) Category Theory (Abbott , ; Abbott & Vojinovic ; Vojinovic & Abbott ).
